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PEBf DEMANDS OF A COMPRESSION- IGNITION ENGINE WITH 
A FRE COMBUST I OIT CHAMBER HAVING HI GH- VELOCI TY AIR FLOW 
By J, A. Spanogle and C. S. Koore 

Summary 

Thin report presents the results of performance tests 
made with a single-cylinder, four- stroke-cycle , compres- 
sion-ignition engine. These tests were made on a precom- 
bust! on- chamber type of cylinder head designed to have 
high air velocity, and tangential air flow in both the 
chamber and cylinder. . A pear- shaped and a spherical pro- 
combustion chamber, both containing one-half the clear an co 
.volume at a compression ratio of 14.2:1, ?/oro used. Tho 
chamber was connected to the cylinder by a single round 
passage, flared at both ends and having an orifice diame- 
ter of 9/l6 inch. A cam-operated fuel-in,} e ct i on pump sup- 
plied fuel to an automatic spring-loaded injection valve. 
The fuel was injected from a single round-hole orifice 
into the pr ©combustion chamber. 

Tno performance characteristics were investigated for 
variable load and engine speed, typo of fuel spray, valvo- 
oponing pressure, injection period and, for the spherical 
ckambor, position of the injoction spray rolative to the 
air flow. The pressure variations betwoen the pear-shapod 
procombust i on chamber and the cylinder for motoring and 
full-load conditions were determined with a Farnboro elec- 
tric indicator. 

The combustion chamber designs tested gave good mix- 
ing of a single compact fuel spray with the air, but did 
not control tho ensuing combustion sufficiently. Relative 
to each other, the velocity of air flow was too high, the 
spray dispersion by injection too great, and the metering 
effect of the cyl inder-heo.d passage insufficient. The 
correct relation of these factors i s of utmost importance 
as regards engine performance. 
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Intr oduct ion 



The general problem in the "development of a fuel- 
injection engine for aircraft is to obtain in an engine 
cylinder complete and controlled combustion at high en- 
gine speeds. A prime requirement for power and combus- 
tion efficiency is fchat the fuel charge be thoroughly 
mixed with the air. The ensuing combustion must be so 
controlled that it occurs early in the power stroke, but 
without excessive cylinder pressures or detonation* Those 
objectives cannot bo attained without the correct design 
of the combustion chamber and the use of the relatively 
best fuel spray. The necessary characteristics of the 
fuel spray- are determined by the design of the combustion 
chamber. 

Combustion chambers are classified by the shape of 
the clearance space as two distinct types: the integral 
type in which the clearance volume contains no restrict- 
ing passages, and t;ve auxiliary- chamber type in which the 
clearance volume contains one or mors restricting passages, 
In the integral type, the mixing of fuel and air may be 
solely by the injection sprays penetrating to all the air 
'in the clearance space. It may be assisted by air move- 
ment such as residual or forced air flow relative to the 
fuel particles* The combustion is controlled by the dis- 
tribution of the fuel particles as injected and by the 
rate of fuel injection. (Soo references 1 and 2.) 

In the auxiliary-chamber typo of combustion chamber, 
the means of controlling the mixing and combustion of fuel 
and air are more numerous. 

The auxiliary chamber may function as an air reser- 
voir to meter the air to the combustion in the cylinder, 
or it may serve as an antechamber in Which the fuel charge 
is prepared for combustion before passing into the cylin- 
der. The antechamber becomes the usual prceoribustion 
chamber if combustion starts and is partly completed in 
it. The sise of the chamber and the connecting passages 
are designed to meter and direct the partly burned, over- 
rich mixture into the cylinder in such proportion and at 
such a time that combustion will be completed and cylin- 
der pressures be controlled. This type shows inherent 
mechanical and thermal losses resulting from the forcing 
of air and burning gases through restricting passages. 
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However* a dcsira"blo fcaturo of the auxiliary- chamber 
typo of clearance distribution is. that it permits the use 
of a simple, low-pressure fuel spray. 

Various shapes of auxiliary chambers, restricting pas 
sages, distributions of clearance, and velocities and di- 
rections of air flow have been tried in experimental and 
commercial combustion chambers. However, few if any of 
those employed high-velocity air flow as a means of mix- 
in:; the fuel and air while allowing the restricting pas- 
sage to control the combustion. 

The valus and characteristics of the pr e combust i on 
type for high-speed engine performance were investigated 
by Joachim and Kemper (reference 3) using tho IT.A.C.A. ITo . 
3 cylinder head designed to give a high velocity of air 
flow in the pr ocombust i on chamber on the compression 
stroke and of gas flow in tho cylinder on the expansion 
stroke* 

Continuing the work of Joachim and Kemper, some minor 
development work was done in which both the cylinder-head 
passage and the injection system were altered. Previously 
the cylinder end of the 9/l6 inch passage had been flared 
to direct the burning gases over one-half the piston crown 
(reference 3) ; then tho chamber end of the passage was 
flared to bo tangential to tho sphere. A slight decrease 
in f.m.o # p 0 and a corresponding increase in b.m.c.p. re- 
sulted. The inj o ct i on-valvo nozzlo was extended l^r inches 
into the chamber and a single orifice of 0. 025-inch diam- 
eter directed the spray at the center of tho bulb-to-cyl- 
indcr passage. Easier starting, slower and more regular 
idling resulted with a slight increase in maximum power. 
To reduce tho ignition lag, to control combustion, and to 
reduce the rate of pressure riso, auxiliary orifices hav- 
ing diameters of 0.010 inch were directed into a section 
of the chamber which had less air flow than tne passage. 
The effect on the combustion was negligible and the dif- 
ficulties encountered in the injection system were large. 
To remedy excessive dribbling of fuel trapped in the line 
wken the valve stem seated, a fuel pump was substituted in 
which a by-pass valve rcloasod the fuel prossuro and con- 
trolled the injection cut-off. Although this gave a sharp 
cut-off of the fuel spray, tho extended fuel valve of- 
fered too much restriction to fual flow and required in- 
jection pressures greater than 3,000 pounds per square 
inch to obtain the injection of 0.0003 pound of fuel early 
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enough in the engine cycle to prevent late, inefficient 
burning. The mechanical operation of the long valve stem 
was poor; sticking and slow action accentuated the dribble. 
The work with the extended fuel valve was discontinued and 
a simpler valve -with a single round-hole orifice nozzle 
was used. 

Making use of the above-mentioned minor alterations, 
the ss.mo cylinder head was used in making the perform- 
ance tests presented here. The purpose of the tests was, 
as before, to determine the power performance possibili- 
ties and combustion characteristics of a precombustion- 
chamber- type cylinder head in which a high velocity air 
flow is used to mix the fuel with the air. 

This report presents engine test results of the cyl- 
inder head both for a pear-shaped and a spherical precom- 
bustion chamber. The engine performance was determined 
for variations of engine load, speed, type of fuel 'spray, 
injection period, i nj o cti on-valve- opening pressure, and 
relation of injection spray position to air flow. This 
work was done by the Rational Advisory Committee for Aero- 
nautics, at Langley Field, Va« 



Apparatus and Methods 



The single-cylinder engine- testing unit shown 'in Fig- 
ure 1 was used for these performance tests. The engine is 
four- stroke- cycle , f uel-in j ect ion, compr e s si on-igni t i on , 
of 5-inch bore and 7-inch stroke, and has standard Liberty 
valves, valve-actuating mechanism, and connecting rod. 
The piston had a domed crown of the Same curvature as the 
cylinder head. The forms of combustion chambers tested 
(."•A.C.A. l~o. 3 with two shapes of pr ecombust ion chamber) 
are shown in Figure 2. Substituting a hemispherical shape 
of chamber cap for the conical one gives the spherical 
form. The standard cylinder head for these tests was the 
form with the conical cap. Both ends of the 9/lS~inch- 
throat-diameter connecting passage are flared. 

The fuel-injection system consisted of a primary gear 
pump, a cam- operated fuel-injection pump, and a spring- 
loaded automatic f uel-inj octi on valve. (See fig. 3.) The 
Diesel- fuel oil,' of 0.847 specific gravity and a viscos- 
ity of 41 Saybolt seconds (Universal) at 80° F . , was de- 
livered by the primary gear pump at 125 pounds per square 
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inch pressure to the injection pump. The injection pump 
was of the constant- stroke type and the plunger was driv- 
en at a constant acceleration "by a cam mounted on an ex- 
tension of the engine crankshaft. The extension consist- 
ed of a speed reduction and timing mechanism which oper- 
ated the pump at camshaft speod : and allowed the injection 
advance angle to b'e varied while the engine was running 
by changing the angular relation of the fuel cam with re- 
spect to the crankshaft. The quantity of fuel injected 
was controlled "by varying the duration of the closure of 
a by-pass valve in the pump. The automatic fuel-injection 
valve was opened "by the pressure of fuel oil acting on a, 
differential area of the stem. Two single x -or if ice nozzles 
of the same type (fig. 3) were used, the standard nozzle 
having a 0.050-inch diameter orifice and one other nozzle 
designed to have its orifice diameter enlarged as desired. 
Two valve stems were used. The standard plain stem gave 
the noncent rifugal , highly ' penetrative spray cone of Fig- 
ure 4 and the other - a stem having two helical grooves 
of 23° helix angle - gave the more dispersed centrifugal 
spray of low penetration shown in Figure 5. The photo- 
graphs show the large difference in dispersion and penetra- 
tion in" still air for the two stems used* The photographs 
were obtained with the 17.A.C.A. spray photography equip- 
ment (reference 4) for conditions corresponding to those 
of the engine perf ormance tests; i.e., injection pressures 
equal to those of full-load fuel quantity, and a spray 
chamber air density equal to that in the combustion cham- 
ber of the engine with the piston at top center. 

Figure 1 shows the equipment for measuring the sever- 
al varieties of engine performance. The fuel input was 
measured by timing electrically tho consumption of one- 
half pound of fuel oil during the same interval that a 
synchronized revolution counter recorded tho number of en- 
gine revolutions. The air consumption was determined by 
a Vonturi meter, previously calibrated by a gasometer. 
The engine was connected to a 50- to 75-hor sepower elec- 
tric dynamometer which served to motor the engine for 
starting and friction runs, and to a sorb the power devel- 
oped by the engine. The engine i^ower was calculated from 
the torque indicated by the dynamometer scries and the 
revolution counter. The maximum cylinder pressures were 
indicated by the 1T.A.C.A. trapped-pr e ssur e indicator. 
(See reference 5.) The Farnboro indicator, before being 
improved (reference 6), was used to obtain indicator 
cards. The injection periods and injection advance an- 



6 



3J.A.C.A. Te clinical State ITo; 39 5 



gles were determined from observations with the oscillo- 
scope. (See reference 7.) 

Several conditions were kept constant during these on- 
line tests. The compression ratio was 14.2:1 and at the 
standard engine speed of 1,500 r.p.m. the compression 
pressure was 500 pounds per square inch. The distribu- 
tion of clearance between the cylinder and auxiliary cham- 
ber was in the ratio of 1:1 for both forms of pr ©combus- 
tion chamber used. The standard chamber' shape, however, 
was the one with the conical cap. (Fig. 2.) The standard 
valve-opening pressure was 3,500 pounds per square inch. 
The full-load fuel quantity was taken as in the previous- 
ly reported tests; i.e., 0.0005 pound per cycle. This is 
the amount of fuel that would give 12 per cent excess air 
in the cylinder at a volumetric efficiency of 85 per cent. 
The single 0.050-inch-diamet er orifice nozzle was take 3 
as standard. The injection system, when using this nozzle, 
gave an injection period of 55 crank degrees as determined 
with the oscilloscope for full-load fuel. The standard 
cylinder pressure as given by the trapped method at full- 
load fuel quantity was 750 pounds per square inch and was 
maintained by varying the injection advance angle. The 
outlet temperature of the cooling water was 170° 7., that 
of the lubricating oil, 140° and the temperature of 

the inducted air, 95 0 P , . 

To obtain the data here presented a scries of engine 
performance tests was made with the cylinder head as shown 
in figure 2. The following variables were changed one at 
a time; fuel quantity, typo of fuel spray (i.e., centrif- 
ugal or noncentr if ugal) , engine speed, valve-opening pres- 
sure, and injection period. All other variables were kept 
constant. The variation in injection period was obtained 
by enlarging the orifice of one of the two single-orifice 
nozzles from 0.020 inch to 0.060 inch in diameter, main- 
taining, however, a length-diameter ratio of 2.5. ?or all 
other tests the nozzle having the single 0 . 050- inch-di am- 
eter orifice was used because, with the fuel pump and 
valve available, this size gave the shortest injection pe- 
riod and the most power, Indicator cards were taken from 
the chamber and cylinder for motoring and full load power 
conditions at 1,500 r.p.m. The approximate direction of 
air flow in the auxiliary chamber was determined by motor- 
ing the engine while thin copper strips extended into the 
chamber from the gasket separating the head from the cham- 
ber cap. The direction of bending indicated the direction 
of air flow. These indications were confirmed by streaks 
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of carbon left inside the previously cleaned and polished, 
chamber after motoring the engine. As these tests indi- 
cated that the air flowing into the chamber was directed 
toward the apex of the cone and that its energy was large- 
ly dissipated there, the chamber was made spherical (fig. 
2), the purpose being to aid the formation of a rotating 
sphere of air in the chamber and to conserve its energy. 
A series of full-load fuel quantity power runs at 1,500 
r.p.m. was made with the spherica.1 chamber while the posi- 
tion of the injection spray was varied relative to the 
air flow. This variation was accomplished by placing the 
injection valve in the side hole of the cap and by rotat- 
ing the cap successively into each of the ten possible 
positions. 

The data obtained from the tests have been computed 
and plotted, and are presented as curves of engine- per- 
formance and as indicator cards. The indicated- horsepower 
was taken as the sum of the brake and friction horsepowers, 
the friction power being that required by the dynamometer 
to motor the engine immediately after the power run. 

In the discussions that follow, referonco is mado to 
engine detonation* By detonation is meant the metallic 
sound pre sent • during" combustion which is as so ci at od- wi th 
detonation in carbur J o t-or- engixios-. This condition was 
present irrogularly in the engine operation of those tests 
and indicated incipient detonation, 

• Test Results and Di scussi on 

5f.fo.ct. of load "on engine performance, np_nc_p .^rif ug ajl 

&pv&$ "h*i Figure 5 gives the engine performance of the stand- 
ard cylinder-head form with conical cap (fig. 2), as af- 
fected by fuel quantity for the plain, noncen tr if ugal 
spray of Figure "4 and by an injection advance angle of 26°. 
The power is much improved over that previously obtained 
from this head (reference 3); the slope of the m.e.p. 
curves decreases more slowly. The i 9 m t e*p« at full load 
has increased from 119 to 134 pounds per square inch at a 
mechanical efficiency /of 70 # 8 per cent. The maximum cyl- 
inder pressure curve attains a maximum at the same fuel 
quantity at which the ra.e.p. curves deviate from a straight 
line. At this p.oint the combustion sound was slightly me- 
tallic and irregular and passed through its maximum loud- 
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ness. As the cylinder pressure remains nearly constant 
above one-half load it is indicated that the auxiliary 
charter and connecting passage control combustion some- 
what. The improvement in combustion is indicated by clear 
exhaiist at 22 per cent excels air and by the decreased 
fuel consumption 0.43 to 0.39 pound per indicated horse- 
power per hour at full load with 12 per cent excess air. 
The e::cess air was determined from experimental data. ?or 
the sa, :e conditions but on the basis of brake performance, 
the fuel consumption was decreased from 0.71 to 0.55 pound 
per horsepower per hour. The capacity of the engine for 
overload is shown since the i.m.e.p. increased to 141 
pounds per square inch. The improved performance was due 
mostly to the shorter injection period and to a more pen- 
etrating fuel spray, but it was aided by the flaring of 
the chamber ond of the chamber- t o-cylindor passage and by 
the improved mechanical efficiency of the ongine. The 
shorter injection period gave time for the fuel to be bet- 
ter mixed with the air and to burn more efficiently. 

Ef f e c t -of 'load o n engin e per formance, centrifugal 
sp_ray * The eff ect of load on engine performance when us- 
ing the centrifugal injection spray is seen in FigUro 7. 
This spray gave more detonation than the noncontrif ugal 
injection spray and the test was run at a- reduced injec- 
tion advance angle and cylindor pressure. The injection 
advance angle was reduced to 23° 3.T.C. at which condition 
the sound of the ongino compared to that of the test for 
Figure 6, r-lthough the cylinder pressure was but 550 pounds 
per square inch. This rotardation accounts for the poorer 
Tjeriormanco as presented. One test, made by advancing 
tho injoction to 25° 2.T.C., as in the work of Figure 6, at 
a maximum cylinder pressure of 750 pounds per square inch 
and at full-load fuel quantity gave results equal to those 
of the noncentrifugal injection spray. At low loads the 
effect of the injection advance angle on cylinder pressure 
and power was negligible. The centrifugal spray does not 
give more power but does give more c.oto:iation because tne 
centrifugal spray has greater dispersion. 

Effect of speed on engine pegf Qg naace*-' Figure 8 
shows the' effect • of engine speed on the performance at 
full-load fuel quantity and 750 pounds per square inch 
cylinder pressure. Although the intensity of the fuel- 
mixing air flow should vary directly with the engine speed, 
the power does not vary with the engine speed. The indi- 
cated performance is little affected from 900 to 1,800. 
r.p.m., although the velocity of air flow should be about 
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doubled. The power required to cause the air flow, how- 
ever, causes a decrea.se of b.m.e.p. from 103 to 88 pounds 
per square inch, the i.m.e.p. remaining constant. The 
"best operating speed for this particular head is about 900 
r.p.m., at which speed the i.m.e.p. is still at a maximum 
and the f a m.e.p. has decreased from 40 to 27 pounds per 
square inch. The points at 1,-2C0 r.p.m. are low because 
the injection advance angle was below normal, Although 
the cylinder pressure was kept constant the injection an- 
gle was advanced but half as fast as the engine speed* 
The velocity of the fuel-mixing air flow, however, in- 
creased with the engine speed so tha.t the more complete 
fuel and air mixing would increase the rate of combustion. 
Furthermore, from observations with the oscilloscope it 
was seen that with increase in speed the injection spray 
became more widely dispersed and the start of the sprajr 
more faint • 

The engine was started when cold by motoring at 600 
r.p.m., but when warm from previous running it could be 
started by two revolutions of the crankshaft. It could be 
idled at 250 r.p.m., could be readily accelerated at the 
highest speed attempted, and would run steadily at all 
conditions of load from 500 to 1,800 r.p.m. 

Effect of valve-opening pressure on engine perform - 
ance,- The salient advantage of the precombusti on-chamber 
type of cylinder head is shown in Figure 9, the data for 
which were obtained by varying the valve-opening pressure. 
As the valve-opening pressure is varied, the characteris- 
tics of the spray change; but the engine performance is 
seen to be little affected, a decrease in valve-opening 
pressure from 6,000 to 1,500 pounds per square inch causing 
only a slight improvement in engine performance. The max- 
imum injection pressure decreased from 8,000 to 3,000 
pounds per square inch, while the apparent injection peri- 
od varied from 35° to 40°, a change which in itself should 
have decreased the performance. At the lower pressures 
the dispersion and penetration are decreased, but the char- 
acteristic of the head (i.e., high-velocity air flow) mixes 
the fuel with the air to maintain the engine performance 
constant. At none of the injection pressures did the fuel 
spray penetrate the 2-9/l6 inch length of the chamber to 
deposit carbon opposite the .valve position. The air flow 
reduced the penetration for, if in still air, the pene- 
tration and time would have been sufficient for. the spray 
to hit the chamber walls. 
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: E£ f e at , gf i n j e c 1 1 on p er 1 o & on e iji g i n e p e r for mane e « The 
effect of the length of the injection period on engine per- 
f ormarice .1 fi shown in Figure 10. Although the oscilloscope 
gives ho definite information as to the rate of fuel dis- 
charge,, it was clearly, soon that the discharge during -the 
first 10° was very small. The engine performance results 
indicate that to oh tain maximum fuel economy and power 
the injection period must he shortened, even shorter than 
in the results presented. The shortening of the injec- 
tion period gives "bettor mixing, as the fuel is injected 
nearer the time of highest velocity air flow and, as the 
clearer exhaust and lower fuel consumption "both indicate, 
late inefficient combustion is reduced. The combustion 
control by the pr ocombiisti on chamber is indicated "by the 
cylinder pressure reaching a maximum at a period of 35° to 
40° - t:.ic power, however, continuing to increase. The or- 
ifice diameter and injection prossures arc givon on Fig- 
uro 10 to show their relation to the injection period. 
The investigation of inj octi on-per i od effect was not con- 
tinued, occauso further increasing the orifice diamotor 
lengthened rather than shortoned the injection period. 
This lengthening was due to insufficient stem lift which 
caused throttling at the stem seat. 

Effect on eng ine pe rformance o f inj ecti on po si t i on 
ill t h e s p h e r i c al c I i am b e r . - The direction of air flow in 
the auxiliary chamber and the effect of fuel-spray posi- 
tion relative to this air flow on the engine performance 
are shown in figure 11. The air leaves the passage and 
rotates as a sphere about "the axis indicated, with the 
greatest intensity of flow being at points 7 and 2 and the 
least intensity being at the axis ends,- points 9 and 4. 
VMth the fuel spray in similar positions in the pear- 
shaped and spherical chambers, the engine performances are 
equal e::cept that the combustion is with more incipient 
detonation for the spherical chamber. This increased det- 
onation is apparently caused by the changed relation of 
the fuel spray to the higher velocity air flow. As the 
injection characteristics are the same as when the coni- 
cal chamber cap is used, the ignition must be later and 
be actually retarded until more fuel is ready to burn. 
The retardation is probably caused by the air flow sweep- 
ing the faint spray start onto the walls or separating 
the fuel particles too widely. A faint deposition of car- 
bon to leeward of the valve positions was seen after each 
po'ver run. ■ 
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The position of- most power and most regular combus- 
tion with least combustion shock was the ITo . : 2 po.sition. 
The spray travel was perpendicular to the axis of the air 
whirl; i.e., the spray met first the lower velocity- of air 
and then the. higher. The reverse of these condi ti ons , po- 
sition No. .7, gave the least power and moB$ irregular com- 
bustion sound. Apparently the air velocity given by the 
9/l6 inch diameter passage was too high for the fuel-spray 
.characteristics used, as indicated by the. increase in power 
and decrease in detonation when the spray position passed 
from the greatest to the least velocity air flow. The fuel 
spray penetrated the distance of 2—3/16 inches across the 
spherical chamber in each; of. these tests and opposite the 
valve positions carbon deposits were left. The carbon de- 
posits were slightly displaced in the direction of the 
air flow. In the tests which left the largest carbon do- 
posits the performance, including the exhaust conditions, 
was the best. 

Indicator cards -Motoring.- The motoring indicator 
cards, of Figures 12 and 13 from the standard cylinder head, 
although made while driving the indicator drum at crank- 
shaft speed and using as largo a pros sure scale as the in- 
dicator would permit., do not show any appreciable pressure 
lag between the cylinder and the precombustion chamber dur- 
ing the compression stroke. The absence of any pressure' 
lag- indication may be duo either to a passage restriction 
insufficient to cause a pressure lag in tho chamber or to 
the inability of the indicator caj-ds to show the small 
pressure lag. For the indicator cards as obtained, the 
compression curves are practically identical until a pres- 
sure of 400 pounds per square inch is reached, above which 
.the chamber pressure leads and rises higher by 15 pounds 
per square inch than- the cylinder pressure. The expansion 
curves are identical below 450 pounds per square inch. 
This compression-pressure difference was consistently re- 
corded and was further investigated with the, trapped-pres- 
sure method. The t r apped-pr e s sur e valve placed in the cyl- 
inder and in the two chamber cap holes gave chamber pres- 
sure readings consistently higher by 20 pounds per square 
inch than in the cylinder, thus checking. the i-ndicator 
cards within the limits of allowable errors. The higher, 
pressure in the chamber is contrary to what could be ex- 
pected from air passing through a restricting pass-age into 
a chamber and no conclusive explanation is presented at 
this time. Attention is directed, however, to the differ- 
ent conditions of tho compressed air in tho cylinder and 
in the chamber; the air is compressed in the cylinder with- 
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out appreciable flow, "but the air forced through tire pass- 
age continues- its motion inside the chamber. Thus the 
pressure-indicating unit in the cylinder is actuated by ; 
comparatively still air whereas the unit in tire chamber is 
actuated by air rotating at high velocity* A comparison 
of the motoring and power cards shows that the 'compression 
pressure of the motoring cards is loss than that of the 
power cards, as the motoring cards, although taken at 
standard engine-operating temperatures, were not taken im- 
mediately after a power run when the combustion chamber 
walls were hot. 

Indicator cards - Power,, - The p ower i ndi c at or c ar d s 
from the standard cylinder head are neither complete enough 
nor of sufficient accuracy for quantitative analysis. They 
are noteworthy, however, for the indications of start and 
rate of pressure rise. The start of pressure rise is late 
for both chamber and cylinder, an approximate ignition lag 
being 35° crank angle. For the chamber, however, the 
start is 2° earlier than for the cylinder, showing that 
the pr ecombustion-chamber principle is in operation. When 
the injection time was advanced to obtain ignition at T.C., 
the detonation was excessive and power was increased but 
little. Even with the late ignition, the indicator re- 
corded occasional pressures of 900 pounds per square inch 
(the trapped pressure of 750 pounds per square inch being 
only an average). The cause of the occasional high pres- 
sures and d etonat ions was the irregularity of -2° in the 
injection advance angle. This irregularity was noticed 
while watching the spray with the oscilloscope. 

Determinations of rate of pressure rise from the indi- 
cator cards are affected by the variation between the en- 
gine cycles. A small error in measuring the slope of the 
rise affects the numerical value greatly. The values are 
indicative, however, of the high rates obtainable in this 
type of head. The maximum rates of pressure rise in the 
precombust i on chamber and in the cylinder are 1,030,000 
pounds per square inch per second and 1,530,000 pounds per 
square inch per second, respectively. The lower rate in 
the chamber is due to the overrich mixture there. The 
mixture in the cylinder is more nearly in optimum propor- 
tions of fuel and air and burns faster. On the basis of 
present-day carbure t or- engine practice (reference 8) the 
rate of pressure rise obtained will allow an engine speed 
of approximately 4,000 r.p.m. 
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The combustion sound for nearly all operating condi- 
tions was Intermittently metallic at one-half load, dull 
at lower -speeds, and sharper as the speed increased. The 
lessoned spray dispersion at a valve-opening pressure of 
1,500 pounds per square inch, the injection into lower 
velocity air flow, and the increase in the amount of fuel 
above one-half load decreased the dotonativo tendency and 
also the cylinder pressure. 

This combustion chamber design is sensitive t # injec- 
tion advance angle above one-half load, for if the angle 
were changed by five crank degrees the combiistion would 
vary from missing to steady detonation. This detonativc 
tendency is caused by excessive air flow and, relatively, 
too much dispersion of fuel spray; ignition occurs when 
most of the fuel is injected and thoroughly prepared for 
combustion. The cylinder-head passago lacks sufficient 
restriction to motor tho gas flow and control the combus- 
tion. 

Conclusi on s 



These results indicate that this cylinder head, for 
both forms of precombust i on chamber, is capable of giving 
rapid mixing and combustion even when using a single com- 
pact, low-pressure injection spray from a large round- 
hole orifice nozzle. The sane power and less combustion 
shock are given by a noncontrif ugal as by a centrifugal 
spray having greater dispersion of fuel particles. 

The engine performance improves as tho injection pe- 
riod is decreased, indicating that the maximum power will 
be given by a jjeriod shorter than used in these tests. 

Tho relation between air velocity and fuel-spray po- 
sition and dispersion influences the performance of the 
precombustion-chamber-type engine. In these tests the 
air-flow velocity was too high for the fuel-spray disper- 
sion. The mixture of fuel and air was slow to ignite but 
burned rapidly. 

A high injection pressure is unnecessary. In fact, a 
decrease in injection pressure, which decreased the spray 
dispersion and penetration, caused a slight increase in 
engine performance. Similarly a decrease in engine speed 
with the consequent decrease in air-flow velocity affected 
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the indicated performance but slightly • However, the v 
performance was affected because the mechanical efficiency 
varied inversely as the engine speed. 

With the clearance distribution used the combustion, 
was not controlled by the cylinder-head passage, and any 
further reduction in passage area would have increased the 
already too high air-flow velocity. Small differences i::i 
the injection advance angle of successive cycles gave in- 
termittent detonation. The rates of pressure rise ob- 
tained indicate, on the basis of carburetor engine per- 
formance, that this head is capable of operating an engine 
at approximately 4,000 r»p.m. 

L arigl ey Me mo r i al Ae r o n au t i c al L ab o r at or y , 

national Advisory Co:niuittee for Aeronautics, 
Langley Field, Va. , September 3, 1933. . 
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Fig. 2 




Injection valve 




Fig. 2 NJUCJU cylinder-head design ITo. 3 showing pear-shaped and 
spherical (dotted) chamber forms. Passage throat diameter 
97 16 inch. 
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Fig. 3 




Fig.? Automatic fuel-injection valve and single-orifice nozzle. Orifice 
diameter 0.050 in. 



Types of injection spray used in tests. Orifice diameter, 0.050 in. , air density, 
1.11 pounds per cubic foot .corresponding to compression ratio of 14.2 : 1. 
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Time, seconds 

Fig. 4 Noncentrifugal spray. Injection pressure, 4100 pounds per square inch gauge. 
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Pig. 5 Centrifugal spray. Helix angle 23°, injection pressure 4700 lbs. per square inch gauge. 
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Fig. 6 
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Fuel quantity, It. /cycle 
Fig. 6 Effect of load on engine performance. 
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Fig. 7 




4 x 10 -4 
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Fig. 7 Effect of load on engine performance (centrifugal spray) . 



ff-.A.C-.A. Technical Note Ho. 396 Fig. 8 



140 




800 120C 160C 

Speed, r.p.m. 



2000 



Jig. 8 Effect of speed on engine performance. 



IT.A.C.A. Technical llote Hdi 396 



Fig. 9 
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Pig. 9 Effect of valve- opening pressure on engine performance 



.C.A. Technical ITotc Ho. 396 Fig. 10 




6000 



5000 



4000 



o 
H 

§ 

w • 

o £ 

£ CO 
•H 

-P ^ 
O rH 

O 

d 

•H 



50 60 70 

Injection period, crank degrees 



Fig* 10 Effect of injection period on engine performance 
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Pig. 11 
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3Tig. 11 Effect cf injection position on engine performance 
(spherical chamber) . 1500 r.p.m. 
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